response to therapy. During the microbiological response to therapy, a significant decrease of the bacterial load in the lung parenchyma occurs. The decreased bacterial load produces the second phase of resolution characterized by a decrease of the local and systemic inflammatory response. The local production of proinflammatory mediators such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and IL-8 significantly diminishes. At this time the large numbers of neutrophils recruited into the alveoli undergo programmed cell death, or apoptosis, and alveolar macrophages start clearing the apoptotic neutrophils and producing antiinflammatory cytokines such as IL-4 and IL-10. This phase results in tissue repair that is defined as "immunological resolution." Following the immunological response, patients' signs and symptoms begin to improve, and the third phase of response to therapy, the "clinical resolution," starts. During this phase, the patient begins to show evidence of clinical improvement. Finally, after several days from the onset of the pneumonia, a "radiological resolution" of the pulmonary infiltrates ends the cure of the pneumonia.
Different parameters could be used to identify patients' improvement along these four phases. To evaluate when a significant decrease in bacterial colony counts occurs, patients with CAP will need to have serial invasive procedures (ie, bronchoalveolar lavages with quantitative cultures). Daily determinations are required to evaluate when inflammatory cytokines or other biomarkers decrease in the systemic circulation. However, detection of both microbiological and immunological resolutions is not performed during routine clinical practice, and most of the immunological tests are for research purposes only. Finally, the evaluation of a patient's improvement based on the radiological clearance of the pulmonary infiltrates could be possible only in a late stage of the pneumonia course.
In view of all these considerations, the "clinical resolution" represents the phase of patients' improvement that is more easily detectable. Its recognition, in fact, is based on parameters that are readily available in the everyday clinical practice, such as patient's symptoms, vitals, respiratory signs, and simple blood tests.
Definition of Clinical Improvement
During the past 2 decades, several studies evaluated clinical improvement of hospitalized patients with CAP, using clinical or laboratory parameters.
2,3 Different efforts have been made by international societies to recommend criteria for clinical improvement in hospitalized patients with CAP (►Table 1).
4-7
The two set of criteria suggested by the American Thoracic Society (ATS) in the 2001 and 2007 guidelines show some differences. The ATS 2001 set of criteria is based on both subjective and objective parameters and seems to be simpler to obtain. On the other hand, more criteria were incorporated in the ATS 2007 guidelines, only focused on objective criteria (ie, normalization of different vital signs as well as pulmonary gas exchange). More parameters are added as criteria for clinical improvement and more physicians are confident that their CAP patients are clinically improved. However, this could lead to a delay in defining clinical improvement with an increase of time to switch from intravenous to oral antibiotics and to discharge the patient. We could speculate that the two sets of criteria proposed by the ATS in 2001 and 2007 look at two different phases of the patient's improvement. ATS 2001 criteria seem to identify an initial phase of a patient's improvement, or early clinical stability, whereas A recent effort has been made to increase the performance of criteria for clinical stability adding biomarkers, such as Creactive protein (CRP) and procalcitonin (PCT). 8 The use of biological information provided by CRP and PCT together with clinical criteria of stability improved the safety of that prediction. So far, it is difficult to identify the best set of criteria for clinical improvement. From a research point of view, most of them are valid and could be used to compare findings along different studies. From a clinical point of view, physicians need to look at CAP patients to define their improvement using both subjective and objective approaches. Outside strict and predefined sets of criteria, the evaluation of clinical improvement in CAP patients should be individualized on every single patient based on parameters (ie, signs, symptoms, biomarkers, temperature, hemodynamic or respiratory impairment) that are used in local settings and that are abnormal on admission and can be, thus, followed up during hospitalization.
Timing of Clinical Improvement
Clinical improvement is usually considered to have been attained on the first day that different parameters are normalized or have reached a predefined cutoff. In the immunocompetent host who shows a favorable interaction between the immune system, the microorganism, and the antibiotic, a clinical improvement is usually reached around day 3 or day 4 after hospitalization.
3,9
A delay in reaching clinical stability could be noted among CAP patients, and several factors seem to be associated with this delay. Patient characteristics, including age, alcoholism, multiple coexisting illnesses, and chronic bronchitis could be associated with delayed resolution. 4 A longer time to clinical stability could also be experienced by CAP patients with a pneumonia that is complicated by multilobar infiltrates, pleural effusion, empyema, cavitation, or cardiac and respiratory impairment. 9 Viale and coworkers studied clinical stability in human immunodeficiency virus (HIV) infected patients with CAP. 10 In this population of patients, time to clinical stability ranged from 3 to 6 days and, after improvement was attained, relapses were unlikely. As reported by other researchers, the presence of HIV infection seems not to influence time to clinical stability in hospitalized patients with CAP, after adjusting for significant confounders.
11
Some pathogen characteristics are also correlated with a delay in clinical improvement, including the presence of bacteremia as well as Pneumocystis jiroveci infection in HIVinfected patients.
4,10 A remarkable correlation exists between the severity of the pneumonia on admission and the time to clinical stability. Based on some experiences, the initial severity of the disease, measured by the pneumonia severity index, the CRB-65 (confusion, respiratory rate >30 bpm, systolic blood pressure <90 mm Hg or diastolic blood pressure 60 mm Hg; age 65 years) the presence of confusion, or admission to an intensive care unit, is correlated with the number of days needed until stability is reached. 3, 12 Finally, a positive influence of adherence to treatment guideline on the stability of CAP patients has been recently demonstrated.
9
The Importance of Clinical Stability
Time to clinical stability (TCS) is considered a crucial outcome that can direct physicians' steps in the further management of patients with CAP. TCS has been widely accepted as a tool to guide the switch from intravenous (IV) to oral antibiotic therapy during hospitalization, as well as to judge appropriateness for hospital discharge. An early switch to oral antibiotic therapy for patients with respiratory infections is often recommended to reduce the risk of side effects, the risk of antibiotic resistance, and costs. According to recent guidelines, the presence of clinical stability together with the ability to eat and drink is the major consideration for switching from IV to oral antibiotic therapy in CAP patients. 5 Originally, Ramirez and coworkers tested a set of criteria of clinical stability for an early switch from IV to oral therapy, lately adopted in the ATS guidelines published in 2001. 2 As many as two thirds of all patients in this study had clinical improvement and met criteria for a therapy switch in the first 3 days. A further study showed that, once a hospitalized patient with CAP reaches clinical stability, it is safe to switch from IV to oral even if bacteremia caused by Streptococcus pneumoniae is initially documented. 13 A systematic review evaluating early switch to oral treatment in patients with moderate to severe CAP, comprising six randomized, controlled trials enrolling more than 1200 patients, was published in 2008. 14 The authors found that an early switch from IV to oral antibacterial therapy seems to be as effective as continuous IV with a substantial reduction in duration of hospitalization. Time to clinical stability also plays a role in the hospital discharge of patients with CAP. Guidelines recommend that discharge should be considered when a CAP patient is a candidate for oral therapy and when there is no need to treat any comorbid illness, no need for further diagnostic testing, and no unmet social need.
5
A recent paper showed that the time in which patients with CAP reach clinical stability during the hospital course could impact outcomes after hospital discharge. 15 In this study, patients with a time to clinical stability more than 3 days showed a significantly higher rate of adverse outcomes after discharge compared with those with a TCS equal to or less than 3 days. A propensity-adjusted analysis confirmed that a delay in reaching clinical stability during hospitalization is associated with a significant increased risk of adverse outcomes within 30 days after discharge. Finally, time to clinical stability could also play a role in determining duration of antibiotic therapy in CAP patients. Based on guidelines recommendations, duration of therapy should vary by individual patient, disease severity, and speed of resolution of the disease.
5 However, these recommendations are mainly based on expert opinions. Recent data demonstrated that physicians worldwide do not use clinical response in determining the duration of antibiotic therapy and that total duration of therapy is generally much longer than the time needed to reach clinical stability.
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Further research should thus be, focused on the evaluation of duration of antibiotic therapy with an individualized approach based on each patient's clinical improvement during hospitalization.
Clinical Deterioration and Failure in CAP Patients
Among CAP patients who experience a lack of response, some patients may deteriorate and fail (progressive pneumonia). The incidence of failure in patients with CAP ranges from 6 to 24% 9,17-22 and can reach up to 31% in patients with severe CAP. 23 When failure occurs in patients with CAP, it significantly increases the risk of complications, length of stay, and death, especially in patients with severe CAP. 21, 23 Finally, in hospitalized patients, failure contributes to a significant increase in direct treatment costs, mainly because of a significant prolonged length of stay.
22

Definition of Failure
Different parameters have been reported in the literature and used in clinical practice to define failure in hospitalized patients with CAP. Among those, symptoms (ie, dyspnea, altered mental status), vital signs (ie, fever, respiratory rate, oxygen saturation), laboratory parameters (ie, white blood cells, partial oxygen pressure in arterial blood), radiological findings, and the need for invasive procedures or changes in treatment are the most commonly used. Based on these parameters, several definitions for failure in hospitalized patients with CAP have been adopted in the literature, mainly depending on the topic evaluated by different investigators (►Table 2).
A "treatment failure" definition has been adopted by investigators interested in analyzing the response of patients with CAP to a particular antibiotic treatment. 9, 19, 20, 22, [24] [25] [26] [27] [28] When evaluating the effect of the antibiotic, patients that deteriorated within 48 hours of treatment initiation were usually excluded from the evaluation to allow the antibiotic time to take effect. Furthermore, immunocompromised patients or those who were likely to have poor outcomes were usually excluded from treatment trials.
In an attempt to include all patients who deteriorated in the analysis of failures, a definition of "clinical failure" was adopted by other investigators. 20, 21 In a recent experience, a clinical definition for failure, easily available in clinical practice, has been used, including pulmonary or hemodynamic deterioration as well as in-hospital death.
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Another decisive step in understanding clinical failure in hospitalized patients with CAP is to define its direct relationship with the inflammatory process. During the past decades, outcomes of CAP patients have been analyzed from a pathophysiological point of view, giving more weight to the role directly played by the infection and the inflammatory response. Using this approach, the etiology of mortality has been classified as CAP related or CAP unrelated, with significant differences in terms of timing and risk factors.
29 Following this approach, clinical failure during hospitalization has been evaluated as directly related or not related to the pulmonary infection and the systemic inflammatory response due to the pneumonia. 21 More than 80% of clinical failures seem to be directly related to the pneumonia and occur primarily during the first 72 hours after hospital admission.
Etiology of Failure
The identification of the etiology of clinical failure is important to implement general clinical practice as well as local standard operating procedures. Some approaches identified infectious versus noninfectious causes of failure by microbiological evaluation. 9, 19 Other classifications were mainly based on signs and symptoms recorded during the hospitalization, such as fever, respiratory rate, and oxygen saturation. 23 A more comprehensive approach has been developed in which causes of failure were divided into host-related, drug-related, and pathogen-related etiologies. 20 Based on this model, reasons for failure could be related to a wrong evaluation of the patient's immune system or to the presence of drug-resistant organisms or pathogens other than bacteria. Based on the fact that pathogens are currently isolated in 20% of hospitalized patients with CAP, the correct analysis of risk factors for specific microorganisms or multidrug-resistant pathogens gains importance. Finally, reasons for failure could be related to the incorrect choice of the antibiotic or its dose and route of administration, the lack of patient compliance, or the occurrence of adverse drug reactions. The evaluation of the etiology of clinical failure both related and unrelated to CAP showed interesting results. In one paper, the most common etiologies for clinical failure related to CAP were severe sepsis and acute myocardial infarction. 21 These findings confirmed data from Roson et al who previously recognized uncontrolled sepsis as a cause of early clinical failure in patients with CAP. 23 Over the past 10 years, evidence evaluating the impact of cardiovascular events on outcomes of CAP patients has increased.
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Recent reviews suggest that CAP is associated with a significant increase in the risk of cardiovascular events and death from cardiac causes. 31, 32 The etiology of clinical failure unrelated to CAP is usually due to suboptimal care or complications related to hospitalization itself (ie, the development of hospital-acquired pneumonia). 21 The correct understanding of causes of adverse outcomes that are related to the care of CAP patients could lead physicians to adopt important interventions at an institutional level.
Predictors for Failure
Several factors seem to be associated with both clinical and treatment failure in hospitalized patients with CAP. The initial severity of the disease is an independent risk factor for failure, along with advanced age, comorbidities, and the presence of pleural effusion or empyema. 28, 33 From a pathogen perspective, patients with a pneumonia caused by Legionella, gramnegative microorganisms, or a mixed infection had a higher risk for failure. 23 Finally, some experiences reported that the use of an antibiotic therapy not in compliance with guidelines could lead to a failure in hospitalized patients with CAP.
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Recently, it has been observed that patients undergoing treatment failure show an increase in systemic proinflammatory response on the first day and after 72 hours of treatment compared with those with a good response. 24 Thus serum levels of C-reactive protein or procalcitonin could be useful as predictors of treatment failure in CAP patients.
Nonresolving Pneumonia
Although nonresolving pneumonia (NRP) is one of the most relevant outcomes in patients with CAP, there is a deficiency of studies evaluating its definition and etiology.
35 NRP (also mentioned as slow-resolving pneumonia) is usually considered as a clinical syndrome characterized by the presence of signs and symptoms compatible with respiratory infection and infiltrates on chest radiography that persist after initiation of antibiotic therapy, with the patient's clinical status neither improving nor deteriorating. Some authors have arbitrarily chosen a cutoff of a minimum of 10 days of antibiotic treatment to define the clinical picture as NRP.
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Although the precise incidence of NRP is not well established, early studies reported that as many as 25% of patients had slowly resolving or nonresolving disease. A recent experience found an incidence of NRP in hospitalized patients with CAP of 15% and identified different causes of NRP, including the severity of CAP on admission, an empirical antibiotic therapy not compliant with guidelines, and the development of a comorbidity during the first week of hospitalization. 37 A practical approach in identifying possible causes of NRP along with diagnostic considerations is reported in ►Table 3.
Conclusions
Identification of clinical outcomes in patients with CAP should be based on definitions that could be used in the everyday clinical practice. Strict criteria for the patient's improvement or deterioration are useful for research purposes only, to compare findings from different studies. From a clinical point of view, more simple definitions of clinical outcomes are needed, primarily based on both subjective and objective criteria. To improve our knowledge of clinical outcomes of CAP patients, several issues should also be addressed in the coming years. Clinical evaluations of the most useful and practical criteria for defining clinical stability are needed, especially in selected populations such as immunocompromised patients other than HIV-infected and neutropenic subjects. Due to the fact that severe sepsis is one of the main causes of clinical failures of CAP patients, its definition and early identification should be improved, particularly in Treatment failure Need to switch to another antibiotic regimen 72 hours after initial treatment resulting in an expansion of the antibiotic spectrum by adding another agent or replacing the initial antibiotic by another of the same class with a broader antibacterial spectrum the outpatient setting. Among clinical outcomes, studies focused on patients with NRP need to be performed to better define this condition and identify potential risk factors. Based on recent experiences, the follow-up of biomarkers seems to play a role in evaluating clinical outcomes in pneumonia. Although different biomarkers were described in the literature during the past decade, the exact evaluation of their role and feasibility in clinical practice as well as their application in the immunocompromised host is still unknown. Finally, substantial evidence has suggested an important effect of cardiovascular events on adverse outcomes of CAP patients both during hospitalization and up to 1 year after discharge. Randomized, controlled trials evaluating the use of alternative drugs to prevent death for cardiovascular events in CAP patients are, thus, needed. 
